Background: We aimed to estimate i) the prevalence of hypercholesterolemia, ii) the proportion of individuals eligible for treatment with lipid-lowering drugs, and iii) therapeutic success, according to the European guidelines on cardiovascular disease prevention in clinical practice. Design: Population-based cross-sectional study. Methods: We surveyed a representative sample of the population of Porto aged 40-65 years. Trained interviewers collected data from 1215 subjects (789 women) on demographic variables, medical history, and medication using structured questionnaires. A fasting venous blood sample was withdrawn. Subjects were considered low risk or high risk as indicated in the European guidelines. Hypercholesterolemia was defined as total cholesterol (TC) R5 mmol/l or low-density-cholesterol (LDL-C) R3 mmol/l in low-risk subjects, TC R4.5 mmol/l or LDL-C R2.5 mmol/l in high-risk subjects or being medicated with lipid-lowering drugs. Eligibility for treatment was defined as being high risk and having TC R4.5 mmol/l, LDL-C R2.5 mmol/l or being on treatment. We defined therapeutic success as having TC !4.5 mmol/l and LDL-C!2.5 mmol/l among medicated subjects. Results: Overall, 84.9% (95% confidence interval (95% CI): 82.7-86.8) of subjects had hypercholesterolemia and 9.1% (95% CI: 7.5-10.8) were medicated with lipid-lowering drugs. Men were more likely to be eligible for treatment (42.4%) than women (22.4%; ORZ2.69, 95% CI 2.07-3.52). Therapeutic success was less frequent in men (46.8%) than in women (66.7%), (ORZ0.39, 95% CI 0.17-0.87). Conclusion: Strict interpretation of the European guidelines would label 85% of the general population in this age group as hypercholesterolemic and a third eligible for drug treatment. Questions arise regarding medicalization, resource allocation, and sustainability within the healthcare system.
Introduction
Cardiovascular diseases (CVD), particularly those of atherosclerotic etiology, are the leading cause of morbidity and mortality in Portugal, both in men and women (1) . In 2005, diseases of the circulatory system accounted for 34% of all deaths (2) .
In the last decade, there has been a clear trend toward a more intensive approach on low-density cholesterol (LDL-C)-lowering therapy. Meta-analyses of clinical trials with lipid-lowering drugs documented relative risk reductions of 25% (3) and 19% (4) for coronary events and non-hemorrhagic cerebrovascular events respectively. Reductions in LDL-C levels of up to 35% can be achieved with maximal dietary therapy (5) .
CVD risk assessment has become an important tool in the primary prevention of these diseases (6) . The Framingham Heart Study provided data for the first and most widely used risk prediction tool (7, 8) . However, this equation overestimated coronary heart disease (CHD) and CVD risk in the European populations, particularly in those considered at low risk (9) (10) (11) (12) (13) . In 2003, the Third Joint Task Force of European and other societies on Cardiovascular Disease Prevention in Clinical Practice recommended the use of the SCORE (14) function in the management algorithms of the European guidelines on cardiovascular disease prevention in clinical practice (15) . In the recent update (6) , SCORE remains the tool of choice for the prediction of the 10-year risk of fatal CVD.
In this study, we intended to determine i) the prevalence of hypercholesterolemia, ii) the proportion of individuals eligible for treatment with lipid-lowering drugs, and iii) the proportion of individuals on treatment for hypercholesterolemia with desirable lipid profiles, according to the European guidelines on CVD prevention in clinical practice.
Methods
We designed and conducted a cross-sectional study on a representative sample of community dwellers of Porto aged 18 years or older. We used random digit dialing of landline telephones to select households. At the time of this procedure, most houses had a landline telephone. Assuming the local prefix codes to constrain the universe to the city of Porto, we used a table of random numbers to define the last four digits that are specific to individual houses. Non-existing numbers, those corresponding to fax numbers or telephone numbers of nonindividual subscribers (companies, institutions, and so on) were disregarded. We assumed the number was unreachable and disregarded it after at least four attempts at different hours and including week and weekend days. Using simple random sampling we selected one eligible subject within each household. Eligible subjects were all permanent residents aged R18 years. Refusals were not substituted within each household. The proportion of participation was 70%. (16) . Data were collected between 1999 and 2003. Within this cohort, subjects aged between 40 and 65 years were eligible for the current analysis (nZ1402). We excluded 187 subjects with incomplete data on smoking habits, systolic blood pressure, total cholesterol (TC) or LDL-C. There were no significant differences between excluded and included subjects regarding sex, age, education, body mass index, smoking status, and self-reported hypertension, diabetes and dyslipidemia.
Trained interviewers collected data on demographic variables, past medical history and medication using structured questionnaires. A 12-lead resting electrocardiogram was registered. A fasting blood sample was collected from all subjects. Serum glucose level was determined using routine enzymatic methods, and cholesterol and triglyceride levels were determined using standard enzymatic colorimetric methods (17, 18) . High density lipoprotein cholesterol levels were determined after precipitation of apolipoprotein B-containing lipoproteins (19) . LDL-C levels were calculated using the Friedewald function (20) . Personal history of CVD was considered according to the self-reported information on previous myocardial infarction, angina pectoris or stroke, or the presence of Q waves on the electrocardiogram. Diabetes mellitus was defined as fasting blood glucose levels R7 mmol/l (w126 mg/dl) or being medicated with insulin or oral anti-diabetic agents.
We computed the 10-year risk of death from cardiovascular disease using the low-risk function of the SCORE project (14) . Subjects were classified as high-risk a priori if i) there was personal history of previous cardiovascular disease, ii) they were diabetic, or iii) they had TC levels R8 mmol/l (w320 mg/dl) or LDL-C levels R6 mmol/l (w240 mg/dl). A predicted 10-year risk of death from CVD R5% (using the age projected to 60 years old in subjects aged 40-60 years or the real age in participants older than 60 years) was used to define high risk in the remaining subjects. As recommended by the European Guidelines on Cardiovascular Disease Prevention on Clinical Practice (6), subjects were considered to have hypercholesterolemia if they were in the low-risk group and had TC levels R5 mmol/l (w190 mg/dl) or LDL-C levels R3 mmol/l (w115 mg/dl) or if they were in the high-risk group and had TC levels R4.5 mmol/l (w175 mg/dl) or LDL-C levels R2.5 mmol/l (w100 mg/dl). We considered subjects already medicated with cholesterol-lowering drugs as having hypercholesterolemia. Eligibility for treatment with lipid-lowering drugs was defined as being high risk and having fasting TC R4.5 mmol/l (w175 mg/dl) or LDL-C R2.5 mmol/l (w100 mg/dl) or being on medication. We defined controlled hypercholesterolemia as TC !4.5 mmol/l (w175 mg/dl) and LDL-C!2.5 mmol/l (w100 mg/dl) in treated subjects. Optional more stringent thresholds, TC !4 mmol/l (w155 mg/dl) or LDL-C levels !2 mmol/l (w80 mg/dl), are also considered in the guidelines (6) . Data were also analyzed for these cut-off values. In our study, we defined the first set of target lipid levels as 'primary goal' and the second set as 'secondary goal'.
Statistical analysis
Descriptive data are presented as count (%) for categorical variables and median (interquartile range) for non-normally distributed continuous variables. Exceptionally, for the sole purpose of comparison with previously published data, mean, and S.D. are also reported for the 10-year fatal CVD risk, despite its skewed distribution. Comparison between groups was made using the Mann-Whitney test when the variables did not follow a normal distribution. Prevalence was compared between genders using the c 2 -test. Logistic regression modeling was used to compute odds ratios (OR) and 95% confidence intervals (CI) to quantify associations between the different outcome variables and covariates. After observing a linear association between hypercholesterolemia, eligibility for treatment and therapeutic success (outcome variables), and age (independent variable), ORs for the effect of age were computed using the continuous variable. Table 1 depicts the characteristics of the study sample. Smoking was significantly more prevalent among men (P!0.001). Dyslipidemia was self-reported by 37.5% (95% CI: 34.7-40.2) of subjects and there was no gender difference (PZ0.70). There was no difference in the remaining variables used to compute CVD risk estimates. Out of the 1215 subjects, 198 (16.3%) fulfilled at least one criterion to be considered a priori in the high-risk group (83 were diabetic, 85 had previous personal history of CVD, 52 had TC levels above 8 mmol/l (w320 mg/dl) and 31 had LDL-C levels above 6 mmol/l (w240 mg/dl)). The proportion of subjects allocated to the high-risk group, either a priori or due to an estimated 10-year risk R5%, was 26.1% and significantly higher in men (ORZ2.93, 95% CI: 2.3-3.8). Among subjects not considered highrisk a priori, the mean 10-year risk was 0.9% in women and 2.4% in men.
Results
Overall, 84.9% (95% CI: 82.7-86.8) of subjects had hypercholesterolemia and there was no gender difference (ORZ0.93, 95% CI: 0.67-1.28). The prevalence estimates increased significantly with age among women (ORZ1.05 per year, 95% CI: 1.02-1.09) but not among men (ORZ1 per year, 95% CI: 0.97-1.04), p (interaction)Z0.03.
The overall proportion of subjects eligible to receive pharmacological treatment was 29.8% (95% CI 27.2-32.5), higher in men than in women (ORZ2.69, 95% CI 2.07-3.52), as shown in Table 2 . The proportion increased with age (ORZ1.09, 95% CI 1.07-1.11) and this association was stronger in women (ORZ1.12, 95% CI 1.09-1.15) than in men (ORZ1.07, 95% CI 1.04-1.10), p (interaction)Z0.01. The variation of hypercholesterolemia prevalence and drug therapy eligibility with age categories for both genders is presented in Fig. 1 .
Subjects on lipid-lowering therapy accounted for 30.4% (95% CI: 25.7-35.4) of those eligible for pharmacological treatment. Overall, 9.1% (95% CI 7.5-10.8) of subjects were medicated with lipid-lowering drugs. Among these, 58.2% (95% CI 48.4-67.5) had serum lipid concentrations equal to or below the proposed threshold (primary goal). Controlled hypercholesterolemia was less frequent in men (ORZ0.39, 95% CI 0.17-0.87), as shown in Table 2 . When adopting Based on self-report. d Data reported for 1017 observations after excluding high-risk subjects based on previous history of diabetes or CVD or TC levels R8 mmol/l (w320 mg/dl) or LDL-C levels R6 mmol/l (w240 mg/dl). e Based on 10-year risk of death for CVD or previous history of diabetes or CVD or TC levels R8 mmol/l (w320 mg/dl) or LDL-C levels R6 mmol/l (w240 mg/dl). the secondary goal, the proportion of control was 55.5% (95% CI 45.7-64.9), with a similar inverse association with male gender (ORZ0.35, 95% CI: 0.16-0.79).
Discussion
The prevalence of hypercholesterolemia in a sample of Portuguese community dwellers aged 40-65 years was 84.9%. Eligibility for drug treatment was observed in 29.8% of subjects and it was higher in men than in women. Among medicated individuals, 58.2% had serum cholesterol concentrations equal or below the primary target. Controlled hypercholesterolemia was more frequent in women. Calibration of the SCORE low-risk charts in Spain (21) produced risk estimates 13% higher than the original low-risk function. In another low-risk country, Greece, the calibrated charts might have assigned only slightly fewer subjects to the 'high risk' category than the generic European high-risk charts (22) . If the same applies to Portugal, we might be underestimating risk and, therefore, by definition, the prevalence of hypercholesterolemia.
In a systematic review on prevalence of hypercholesterolemia in Portugal (23), using the 5 mmol/l (w190 mg/dl) TC threshold, the estimated prevalence was 64%. Caution is warranted due to the heterogeneity of individual studies. The same review reported a 71% prevalence of LDL-related hypercholesterolemia, taking a 3 mmol/l (w115 mg/dl) cut-off. In the present study, the use of either TC or LDL-C to define hypercholesterolemia might have contributed to the higher figures. In a Norwegian population-based study (24) , 90% of people by age 49 years would have abnormal serum cholesterol and/or blood pressure, applying the 2003 European guidelines criteria (15) . However, comparisons cannot be directly drawn because, since this population is considered high risk, the corresponding SCORE risk charts were used to derive risk estimates.
Prevalence estimates increased significantly with age only among women. The less pronounced effect of age in men is explained by their higher prevalence in ages 40-50 years. In this age range, there was no difference between genders in the proportion of subjects classified as high-risk a priori, in systolic blood pressure or serum TC. However, men were twice more likely to smoke leading to higher prevalence of risk estimates R5% and consequently lowering of thresholds to define hypercholesterolemia among men.
Implementing the European guidelines (15) would lead to 23.8% of patients from a primary care facility being considered eligible for lipid-lowering pharmacologic treatment in Spain (25) . The proportion of subjects that were medicated at the time of the observation was lower in our study (9.1% vs 18.4%). These differences could be explained by the healthcare centre-based sampling approach.
In a recent French survey (26), 26.8% of medicated individuals achieved LDL-C goals according to the 2003 European guidelines (15) . In the present study, treatment success rates were higher but there is still plenty of room to improve treatment effectiveness.
Some strengths and limitations of the current study ought to be addressed. The sampling process was random digit dialing in a time when ownership of line telephone was almost universal in the target population. Recruitment and data collection were protracted in time. As expected, we observed an increase in the proportion of subjects under lipid-lowering medication over time. We believe this is the most important period effect. This would only have an impact if the contribution of medicated subjects to the estimated proportions was large. Moreover, there were no major public health interventions or societal changes that would justify large variations in the hypercholesterolemia prevalence within the 5-year period. Data were available on many CVD risk factors allowing a thorough definition of high risk, despite the lack of assessment of microalbuminuria as specified by the guidelines. However, the proportion of participants with established CVD is underestimated not only because data on peripheral artery disease were not collected but also because stress tests were not performed for the diagnosis of CHD. Subjects in the high-risk group solely because of the predicted 10-year risk were considered eligible for treatment with lipidlowering drugs if they had blood TC or LDL-C levels above the recommended thresholds. We did not account for the 3-month period of intensive lifestyle advice proposed by the guidelines. This limitation could have led to some overestimation of hypercholesterolemia and eligibility for lipid-lowering therapy. However, we are convinced that the final balance does not result in overestimates. We did not account for drug dosages or duration of treatment to define therapeutic success, but it was not our objective to explore the determinants of therapeutic success.
The economical weight of CVD in the European health systems cannot be overemphasized. In Portugal, the costs attributable to hypercholesterolemia in the year 2000, amounted to 358.84 million Euros in direct costs and 28.31 million Euros in indirect costs (27) . According to Gouveia et al. (28) , in comparison with average values for Europe, the burden of ischemic heart disease was lower in Portugal, but the opposite was true for cerebrovascular disease. Overall, in Portugal, a third of CVD burden was attributable to hypercholesterolemia.
The overall awareness of dyslipidemia was low. Out of 1031 hypercholesterolemic subjects, 602 failed to mention previous history of any excess cholesterol related condition. Additionally, 14% of subjects without hypercholesterolemia reported previous dyslipidemia (data not shown). Although caution is necessary in interpreting these results, due to the reversible nature of some lipid disorders and the fact that disorders of triglycerides were not taken into account, there are clear individual and populational implications, both in hypercholesterolemia treatment and CVD prevention. Discussing coronary risk with the patient was associated with a small but detectable improvement in the efficacy of lipid-lowering therapy (29) . Communicating risk is recommended to improve adherence, along with self-monitoring and using the support of family and friends (8, 15) . The physicians' role in aggressively promoting the need for lifestyle changes in all patients and using drug therapies with appropriate targeting, titration and follow-up, has become of utmost importance. However, our study demonstrates that individuals with optimal lipid profiles have become the exception. Ethical issues regarding medicalization and risk labeling of asymptomatic subjects arise. In addition to clinical outcomes, the long-term costeffectiveness of interventions to improve health in patients with hypercholesterolemia needs to be taken into account.
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